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ABSTRACT

Objective: To characterise and explore the development in the number and content of urine
samples sent from general practice in the North Denmark Region to the Department of Clinical
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Microbiology (DCM) at Aalborg University Hospital during a five-year period.

Design: A register-based study.
Setting: General practice.

Subjects: Urine samples received at DCM, Aalborg University Hospital from general practice

between 2017 and 2022.

KEYWORDS

Urine culture; general
practice; urinary tract
infection; microbiology
testing; uropathogen

Main outcome measures: Number and content of urine samples.

Results: A total of 255,271 urine samples from general practice were received at DCM, with
76.1% being from female patients. Uropathogens were identified in 43.0% of the samples.
During the five-year period, a 23.0% increase in the number of urine samples per person (inci-
dence rate ratio (IRR) 1.23, 95% ClI 1.21-1.25) was observed. A slight increase in the proportion
of positive cultures (risk ratio (RR) 1.03, 95% Cl 1.01-1.05) was seen. No notable change in the
patient population (age, gender) was observed. Overall, Escherichia coli was the most identified
uropathogen (60.4%) followed by Klebsiella spp. (8.7%) and Enterococcus spp. (7.7%). Distribution
of the various uropathogens differed slightly depending on patient gender and age, importantly
E. coli was less frequently observed in males aged >65 years.

Conclusion: During the past five years an increasing amount of urine cultures have been
requested at DCM from general practice. Importantly, the cause(s) of this increasing demand
needs to be explored further in future studies.

KEY POINTS

e Appropriate diagnostics of urinary tract infections can reduce the use of antibiotics in general
practice.

e From 2017 to 2022 a 23% increase per person in requested urine cultures from general prac-
tice was observed.

e A slight increase in positive cultures was found, but no notable change in the patient popula-
tion (age, gender) was seen.

e E. coli was the most identified uropathogen independent of gender and age, however, the
proportion differed within the various groups.

Introduction

Antimicrobial resistance constitutes a great threat for
global health and results in higher medical costs,
which emphasises the importance of evidence-based
diagnostics prior to antibiotic treatment [1]. Compared
to other European countries, primary care in Denmark
has a relatively low level of antibiotic use [2]. Even
though, a notable reduction in antibiotic consumption

has been reported in Denmark, primary care is still
responsible for 87% of which the majority is pre-
scribed in general practice [3].

One of the most frequent indications for antibiotic
prescribing in general practice is acute urinary tract
infections (UTI) [4,5]. Typical symptoms and signs of
UTI, such as pollakiuria and dysuria, are weak predic-
tors of an infection, which might lead to antibiotic
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overuse if treatment is based on symptoms alone [6].
Danish guidelines recommend urine examination prior
to an antibiotic prescription when patients present
with typical UTlI symptoms [7,8]. Several diagnostic
approaches are used in the management of UTls in
general practice including urine dipstick, urine micros-
copy as well as urine culture performed and analysed
in general practice and/or sent to a local Department
of Clinical Microbiology (DCM) [9]. Within Danish gen-
eral practices, large variations are observed in the use
of either in-house urine cultures or urine cultures
requested at DCM [10].

The time until test result is available vary depend-
ing on the chosen test: within minutes (dipstick and
microscopy), within 24 hours (urine culture analysed in
practice) [11,12], or up to three days (urine culture
sent to DCM). The delay of results on the microbiology
testing increases the risk of inappropriate antibiotic
prescribing including overtreatment [9]. GPs receive a
fee for every test performed both in-house and sent
to the local DCM [13]. A recent Danish study showed
that 89% of patients presenting in general practice
with symptoms and signs of acute UTI had a urine cul-
ture performed, of which 65% were performed in-
house and 24% at the local DCM [9].

Escherichia coli is the most common uropathogen
causing 75-95% of uncomplicated cases of UTls [14].
However, other bacteria such as Klebsiella pneumoniae,
Proteus mirabilis, and Staphylococcus saprophyticus are
also known to cause UTI [14,15]. Despite the relatively
low antibiotic prescription rate in Denmark, an
increase in resistant strains of especially E. coli has
been reported [16].

To avoid the unnecessary use of antibiotics, accurate
diagnostics of UTI including rational use of diagnostic
tests is of great importance [17,18]. In recent years, DCMs
in Denmark have reported on the increased demand of
requested urine cultures from general practice [19].
However, this increase has not yet been systematically
investigated. Consequently, the aim of this study was to
characterise and explore the development in the number
and content of urine samples sent from general practice
in the North Denmark Region to the DCM at Aalborg
University Hospital during a five-year period.

Methods
Study design and setting

This register-based study included all urine samples
sent to DCM at Aalborg University Hospital from gen-
eral practice (both daytime and out-of-hours) in the

North Denmark Region between 1st June 2017 and
31st May 2022.

In 2017 the population of the North Denmark
Region was 587,611 inhabitants with an increase of
0.5% during the five-year study period [20].

All Danish residents have free and direct access to
general practice [21]. GPs act as gatekeepers providing
access to other medical specialists and hospital care.
General practice is financed through taxes by a com-
bination of capitation fees and fee-for-services [21].

Data collection and outcomes

Urine samples were collected in general practice and
delivered to DCM at Aalborg University Hospital stored
in boric acid. At DCM the samples were cultured for 16-
20 hours in aerobic conditions with subsequent identifi-
cation of uropathogens with significant growth. In mid-
stream urine, a positive urine culture was defined
according to the European guidelines as the growth of
>10° Colony Forming Units per millilitre (CFU/mL) for
the primary uropathogens (E. coli and S. saprophyticus),
>10* CFU/mL for secondary uropathogens and >10°
CFU/mL for doubtful uropathogens [22].

Data were obtained from a database at DCM,
Aalborg University Hospital containing information
about all urine samples analysed at the department.
The dataset included information about; the patient
gender and age, date of receival of urine sample, the
result of culture (positive, negative, rejected), and the
type of uropathogen identified. A positive culture could
contain more than one uropathogen. Cultures with
more than three different uropathogens were reported
as ‘polymicrobial’. Rejected urine samples included sam-
ples not analysed due to various preanalytical errors, for
example use of wrong urine transport containers.

Statistical and data analysis

Data were grouped in years. One year was defined as
the period between 1st June and 31st May the upcom-
ing year. The following age groups were used: <4 years;
4-14years; 15-65years; and >65 years [8,23]. Descriptive
statistics were used to generate information of the num-
ber and development of urine samples and aetiology as
well as patient characteristics including median age with
interquartile interval (IQl). Negative binomial regression
was used to estimate the incidence rate ratio (IRR) with
a 95% confidence interval (Cl) in modelling the number
of urine samples per person with year as the independ-
ent variable. The total population in the North Denmark
Region at the third quarter each year served as the
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Figure 1. Development in the total number of urine samples including the distribution of positive and negative test results.

offset of the model [20]. To model the proportion of
positive test results and aetiology with year as an inde-
pendent variable we used a generalized linear model for
the binomial family estimating risk ratio (RR) with 95%
Cl and applying cluster robust variance at the patient
level to account for possible multiple measurements per
patient. Pairwise deletion was used to handle missing
data when the social security number was unknown or
missing. All statistical analysis were conducted using
STATA/MP 17 [24].

Results
Population characteristics

This study included a total of 255,271 urine samples
from 108,521 patients during a five-year period (2017-
2022) (Figure 1). The patient median age was 58 years
(IQl 29.7-76.3) and 76.1% of samples were from females
(Table 1). During the study period, 53.7% of patients had
delivered one urine sample, 19.2% two urine samples,
and 27.0% three or more urine samples (range 3-75).

Uropathogens were identified in 43.0% of the sam-
ples. The percentage of positive cultures varied signifi-
cantly with age; 62.2% of cultures in the elderly (age
>65years) to 26.5% of those delivered by children
aged <4years (data not shown).

Increase in urine samples

Figure 1 shows an increase in the number of urine
samples during the five-year period (Figure 1). The
total amount of rejected urine samples per year were

Table 1. Characteristics of the study population.

Total urine samples®

(n=255,271)
Gender®
Females 194,214 (76.1)
Males 60,778 (23.8)
Ageb
<4 years 3153 (1.2)
4-14 years 10,208 (4.0)
15-65 years 132,902 (52.1)
>65 years 108,729 (42.6)

?Data reported as n (%).
PUrine samples without knowledge of age and gender were categorised
as missing data n =279 (0.1%).

almost stable (range 129-165) (Data not shown).
During the study period, a 23% (IRR 1.23, 95% ClI
1.21-1.25) increase in the total number of urine sam-
ples per person was observed. Furthermore, a slight
increase of 3% (RR 1.03, 95% CI 1.01-1.05) in the pro-
portion of positive test results was observed. Despite
an increase in the number of urine samples sent from
general practice, no notable change in the patient
population (age, gender) delivering urine samples was
observed (Figure 2).

Uropathogens

In total 109,749 positive urine cultures with significant
growth of 117,889 uropathogens were identified dur-
ing the five-year period. As shown in Table 2, the
most frequently identified uropathogen was E. coli
(60.4%) followed by Klebsiella spp. (8.7%), Enterococcus
spp. (7.7%) and Proteus spp. (2.8%).
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Figure 2. Distribution of urine samples within the age group and gender over the five-year period*.
*Data regarding age and gender were missing for 279 urine samples ranging from 37 to 68 samples per year (data not shown).

Table 2. Uropathogens identified in urine cultures from gen-
eral practice.

Bacteria species Total®

E. coli 71,258 (60.4)
Klebsiella spp. 10,290 (8.7)
Enterococcus spp. 9121 (7.7)
Polymicrobial 5657 (4.8)
Proteus spp. 3294 (2.8)
Other bacteria® 3016 (2.6)
Aerococcus spp. 2677 (2.3)
S. saprophyticus 2539 (2.2)
P. aeruginosa 2446 (2.1)
Group B Streptococci 2340 (2.0)
Citrobacter spp. 2298 (2.0)
Enterobacter spp. 1499 (1.3)
S. aureus 1454 (1.2)
Total 117,889 (100)

?Data reported as n (%).
POther bacteria was defined as species representing <1% in total.

No significant change in the proportion of E. coli
(RR = 1.02, 95% Cl 1.00-1.04) and remaining bacteria
(RR = 1.01, 95% Cl 0.96-1.07) was seen when compar-
ing the year 2017-2018 with the year 2021-2022.
However, a trend of increase in Proteus spp. (RR =
1.14, 95% Cl 0.98-1.34) and polymicrobial (RR = 1.10,
95% Cl 1.00-1.22) was noticed. Furthermore, a minor
constant decrease in the proportion of Enterococcus
spp. (RR = 0.97, 95% Cl 0.96-0.99, test for trend) and
Klebsiella spp. (RR = 0.97, 95% Cl 0.95-0.99, test for
trend) was observed across all five years. Distribution
of the various uropathogens varied depending on
patient gender and age (Figure 3). E. coli was most
common in females within all age groups. Importantly,
E. coli was shown to be less prevalent in patients aged

>65 years, especially in males. Both Klebsiella spp. and
Enterococcus spp. were more commonly identified in
urine cultures from male than female patients. In add-
ition, S. saprophyticus and Group B Streptococci were
most frequently identified in females, especially in
patients aged 15-65 years.

Discussion
Statement of principal findings

This study found a 23.0% increase in total urine sam-
ples per person sent from general practice in the
North Denmark Region to DCM at Aalborg University
Hospital between 2017 and 2022. A slight increase in
the proportion of positive cultures was seen. During
the five-year period, no notable change in the patient
population delivering urine samples was observed
according to age and gender. E. coli was the most
commonly identified uropathogen followed by
Klebsiella spp., Enterococcus spp., and Proteus spp.

Strengths and weaknesses of the study

The result of this study is based on large sample size.
All general practices, including out-of-hours, sending
urine samples to urinalysis at the DCM in the North
Denmark Region were included. The GPs and other
healthcare workers were not aware of this investiga-
tion since data was extracted from an electronic clin-
ical database.
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*QOther bacteria were defined as species representing <1% in total.

In the interpretation of the results of this study, some
limitations must be considered. It was assumed that indi-
cations from the DCM guideline (symptoms and signs of
UTI, screening for asymptomatic bacteriuria in pregnant
women, or planned instrumentation of the urinary tract)
were met when general practices requested a urine cul-
ture. Furthermore, information about the various sam-
pling methods was not available in the dataset (e.g.
midstream or urethral catheterisation). Likewise, it was
unknown whether guidelines regarding correct sampling
technique and handling were met for each urine sample.
In addition, caution must be considered in the general-
isation of the results to the overall management of
patients with UTls in Danish general practice. Data pro-
vided no knowledge of symptomatology and indication
leading to the performed urine culture. Also, the number
of urine samples analysed in-house in general practice is
unknown. Consequently, misinterpretations of the results
regarding aetiology findings and study population
should be kept in mind.

In the statistical analysis of the development in the
rate of urine samples, the assumption of independence
within urine samples was made. This approach might
have caused an overestimation of the observed increase.

Findings in relation to other studies

Consistent with previous studies, this study found that
most urine samples originated from female patients
[15,25,26], as well as most positive cultures were found
in a patient aged >65 years [15,25,26]. This study found,

as expected, E. coli as the most frequently identified uro-
pathogen, independent of age and gender, supporting
the Danish guidelines regarding empiric antibiotic treat-
ment with pivmecillinam [7,8]. This finding is consistent
with the results of another Danish study [16], as well as
other European studies [15,26], which also found E. coli
as the most prevalent uropathogen (range 67%-73%). In
continuation, this study found that E. coli was less fre-
quently identified in patients aged >65 years, especially
in male patients, which compares well to the findings of
Magliano et al. [26].

To our knowledge, this is the first Danish study to
systematically explore the development in the number
of urine cultures requested from general practice. The
identified increase could possibly indicate an increase
in patients with community-acquired UTIs in Denmark.
A Norwegian study have reported an increase in UTI
consultations in general practice between 2006 and
2015 [27]. However other explanations must also be
considered, for example, in Denmark guidelines from
different health authorities on the management of
UTls are not fully congruent [7,8]. The guidelines agree
on recommending urinalysis prior to antibiotic treat-
ment, however no consensus regarding type of urin-
alysis prior to treatment has been established [7,8].
Importantly, a recent Danish study has shown that a
substantial number of patients in general practice are
offered diagnostic testing for UTls — despite no uro-
genital symptoms [28]. Consequently, a potential risk
of overtreatment with antibiotics exists.
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Between 2016 and 2018 the national program of
accreditation for Danish general practices was intro-
duced [29]. This mandatory quality improvement pro-
gram did result in various organisational changes in
general practices, as well as behavioural changes of
both GPs and practice staff [29]. In continuation,
within the past years, an increased workload has been
reported in the Danish healthcare system including
general practice [30]. Perhaps these changes have
caused an increased demand of having urine samples
cultured outside practice [9,25,31]. In addition, perhaps
economic incentives have influenced the diagnostic
approach for the management of patients with sus-
pected UTls in Danish general practice [13].

Meaning of the study

This study found an increased demand of urine cul-
tures at DCM from general practice, however, no obvi-
ous explanation was identified. Urinalysis at the local
DCMs is associated with high-quality diagnostic as
well as used for continuously national surveillance of
uropathogens causing community-acquired  UTls.
However, it is also known that fast and appropriate
diagnostics are of great importance to secure the
high-quality of patient care, targeted treatment and to
avoid the unnecessary use of antibiotics [9]. More
studies are needed to investigate the reasons behind
this remarkably increase in request of urine cultures at
DCM from general practice during the past five years.
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